The use of signs for interpretation of images in neuroradiology is extremely useful. Some signs are quite specific and, in some cases, pathognomonic. In this second part of their essay, the authors describe 15 additional neuroradiological signs. Main characteristics of imaging findings will be approached and the significance of their role in the clinical practice will be discussed. Keywords: Radiological signs; Neuroradiology; Computed tomography; Magnetic resonance imaging.
"High heel foot print sign" in the skull base
The high heel foot print sign ( Figure 1 ) is useful in the understanding of the intricate anatomy of the skull base and represent two relevant foramina. The anterior aspect of the high heel footprint represents the foramen ovale (FO), and the posterior aspect (the heel itself) the foramen spinosum (FS). The mandibular nerve, one of the three branches of the trigeminal nerve, is the main FO component (1) . Also, the otic Figure 1 . Axial CT image demonstrating normal appearance of the skull base. The high heel foot print sign is evidenced. The small arrow indicates the foramen spinosum, and the large arrow, the foramen ovale. Anteriorly to the high heel footprint is the Vesalius foramen (venous foramen) (arrowhead). ganglion, the accessory meningeal artery, the lesser petrosal nerve and the emissary veins are found in this foramen. The middle meningeal artery is in the FS (2) , and the absence of such artery is related to the persistent stapedial artery (3) .
"Lemon sign" in spina bifida
The lemon sign ( Figure 2 ) is an useful sign in the detection of spina bifida and is commonly associated with hydrocephalus and Arnold-Chiari II malformation (4) . Such sign can be found in up to 98% of cases of spina bifida (5) . The lemon sign is not exclusive to spina bifida and can be observed in cases of encephalocele, thanatophoric dys-plasia, cystic hygroma, Dandy-Walker malformation, diaphragmatic hernia, corpus callosum agenesis, hydronephrosis and umbilical vein varices. The lemon sign is related to changes in the configuration of the fetal frontal bone, that loses convexity, becoming concave or linear at ultrasonography and can be found during the first six months of gestation (4) . This sign is explained by the loss of frontal bone convexity because of a decrease in the intraspinal pressure and secondary reduction in the intracranial pressure (6) .
"Banana sign" in Arnold-Chiari II malformation
The banana sign ( Figure 3 ) is found in cases of defective neural tube, particularly in Arnold-Chiari II malformation. In such cases, the posterior fossa is small, and the cisterna magna loses its typical configuration. There is herniation of the brainstem and cerebellar tonsils through the foramen magnum, with the cerebellum surrounding the brainstem with a curved shape of a banana (7, 8) . The specificity and sensitivity of this sign vary according to the familial risk, the studied population and the operator's ability, being positive in up to 69% of cases of Chiari II (5) . Observe a large paraganglioma located in the carotid space on the left (arrow), demonstrating the typical "salt and pepper" sign. normal superior cerebellar peduncles decussation is absent and these become thickened and with a more horizontal course as they extend perpendicularly from the brainstem (9) . Joubert syndrome is an autosomal recessive disease characterized by abnormal eye movements, nystagmus, difficulty in following a moving object with eyes, episodes of taquipneia and apnea, besides motor developmental delay (10) .
"Dural tail sign" in meningiomas
Dural tail corresponds to a thickened and abnormally enhancing segment of dura mater adjacent to a lesion whose shape is similar to a tail ( Figure 5 ). Dural tail signs, which had been described as highly specific for meningiomas, can also be seen in other pathologies such as extra-and intraaxial tumors. It may correspond to isolated vascular changes, tumor invasion, adjacent non-continuous tumor growth, and tumorlike micronodules. The dural tail sign is poorly specific for meningiomas, but presents good sensitivity, ranging from 50% and 80% (11, 12) .
"Salt and pepper sign" in paraganglioma
The appearance of salt and pepper (Figure 6 ) is a highly sensitive and specific sign for head and neck paragangliomas. On T2-weighted images, the salt-like appearance can be explained by the tumor matrix that appears hyperintense due to the presence of slow intratumor flow and hemorrhage and, on post-contrast T1-weighted images, by the presence of avid enhancement. The pepper-like appearance, can be explained in both on T1-and T2-weighted images by the presence of flow-voids of small vessels within these masses (13) .
"Pancake brain sign" in alobar holoprosencephaly
Pancake brain sign ( Figure 7 ) represents the appearance of the cerebral parenchyma in case of alobar holoprosencephaly (14) . Holoprosencephaly is a malformation caused by a prosencephalic cleavage defect. Basically, holoprosencephalies are categorized into three major groups as follows: lobar holoprosencephaly, semilobar holoprosencephaly and alobar holoprosencephaly. Alobar holoprosencephaly is the most severe form of this malformation and
"Molar tooth sign" in Joubert syndrome
The molar tooth sign (Figure 4 ) is represented by an alteration of the mesencephalon which is seen on axial sections of computed tomography (CT) and magnetic resonance imaging (MRI). This sign is seen mainly in cases of Joubert syndrome. The presents a single ventricular cavity, fusion of frontal lobes, corpus callosum dysgenesis, alteration of the third ventricle, olfactory bulb and tracts, absence of interhemispheric fissure, besides fused thalami and basal ganglia (15, 16) .
"Hot cross bun sign" in C-type multiple systems atrophy
The hot cross bun sign ( Figure 8 ) can be observed in multiple systems atrophy type C. Such sign is characterized by a cruciform pontine hyperintensity due to selective loss of neurons of the transverse pontocerebellar fibers, with preservation of the pontine tegumentum and of the fibers of the corticospinal tract. Multiple systems atrophy is a neurodegenerative disorder with varying degrees of involvement of the basal ganglia and the olivopontocerebellar complex (17,18) .
"Figure eight sign" in lissencephaly
Lissencephalies represent a group of disorders caused by defective neuronal migration in the period between the 8th and 14th gestational weeks, resulting in lack of development of gyri and sulci. Lissencephalies are classified into complete (type I -agyria) or incomplete (type II -agyriapachygyria). In lissencephaly type I, Sylvian fissures are shallow and verticalized and the brain takes a figure eight culation, which regresses at birth. In the posterior form of PHPV (the most common) a connective fibrovascular tissue is seen attached to the lens, connecting laterally to abnormally elongated ciliary process. At MRI a retrolental soft tissue and vascular mass is observed in association with a central, low-signal linear image corresponding to the remnant hyaloid vascu- Figure 7 . A neonate TC image demonstrating typical findings of alobar holoprosencephaly. Note the single ventricular cavity, the absence of the corpus callosum, the third ventricle, the interhemispheric fissure and of the tentorium, besides the fused thalami and basal ganglia. The pancake brain sign is related to an extreme anomaly of prosencephalon cleavage, with fused frontal lobes anteriorly to a dorsal cyst that is another typical abnormality. configuration because of a narrowing of its middle portion by the Sylvian fissures, associated with the presence of colpocephaly, flat gyri, thickened cortex and cortico/subcortical atrophy, characterizing MillerDieker syndrome (Figure 9 ). In lissencephaly type II, the cortex is thickened, with an appearance of polymicrogyria, pachygyria, brainstem and cerebellar hypoplasia, hydrocephalus, characterizing WalkerWarburg syndrome (19, 20) .
The "face of the giant panda" sign in Wilson's disease
The face of the giant panda pattern (Figure 10 ) may be present in Wilson's disease. Such disease is characterized by hepatocellular degeneration caused by a genetic disorder of the copper metabolism with its consequential accumulation in tissues, particularly liver and brain. On MRI T2-weighted sequences, one can observe hyperintensity in the pontine tegmentum, hypointensity of the periaqueductal gray matter and partially preserved signal in the red nuclei, in the lateral aspect of the substantia nigra pars reticulata and of the upper colliculus (21) .
"Martini glass sign" in persistent hyperplastic primary vitreous
Persistent hyperplastic primary vitreous (PHPV) is characterized by the presence of congenital embryonic remnants of hyaline vessels ( Figure 11 ). The primary vitreous is supplied by the embryonal hyaloid cir- Figure 10 . Axial FLAIR image of a patient with Wilson's disease. The face of the giant panda can be seen and it is characterized by high signal intensity in the pontine tegmentum, hyposignal of the periaqueductal gray matter, and preserved signal in the red nuclei, in the lateral aspect of the pars reticulata of the substantia nigra and in the superior colliculus on T2-weighted images.
lature that connects the crystalline lens to the optic nerve head, resembling the image of a martini glass. Associatedly, the vitreous may present high signal intensity because of hemorrhage, besides the presence of a small ocular globe (22) .
"Tram-track sign" in optic nerve sheath meningioma
Optic nerve sheath meningiomas correspond to approximately two thirds of the primary tumors in the optic nerve-sheath complex, and are most frequently found in women between their third and fifth decade of life. The tram-track sign ( Figure  12 ) is better visualized in the axial plane of enhanced CT or MRI, and corresponds to a central linear hypodensity/hypointensity (optic nerve) delimitated by the contrast uptake of the optic nerve sheath at each of the sides affected by the meningioma itself. The tram-track sign is extremely useful in the differentiation between optic nerve sheath meningiomas and optic nerve gliomas. The optic nerve may be thickened and infiltrated by the glioma, but its sheath generally does not demonstrate contrast uptake. The tram-track pattern, in spite of being a characteristic sign, tive disease, which affects particularly young adult individuals. Huntington's disease causes muscles discoordination and cognitive and behavioral alterations. The finding of ventricular dilatation, as well as basal ganglia atrophy, is very sensitive, but poorly specific (26, 27) .
"Empty orbit sign" in neurofibromatosis type 1
Neurofibromatosis type 1 is an autosomal dominant disease with variable presentation, with cerebral and spinal changes seen in one third of the patients. Among the possible alterations, café-au-lait spots, Lisch nodules, plexiform fibromas and optic nerve gliomas are highlighted. The empty orbit sign (Figure 14) represents the appearance of the orbit on plain films of the skull and on CT scan because of the lack of the innominate line due to dysplasia of the greater wing of the sphenoid, shortening of the lateral wall of the orbit and flattening of the orbital angle (28) .
"En coup de sabre" sign in localized scleroderma
Localized scleroderma is characterized by the presence of sclerotic lesions on the skin and subcutaneous tissues. This is different from systemic sclerosis because of the absence of significant systemic involvement; and generally presents a better prog- Figure 11 . Axial T2-weighted image with fat saturation of the right orbit of an 11-month-old patient with leukokoria. Observe the retrolental triangular soft tissue mass (arrow) associated with central, low-signal linear component corresponding to remnant hyaloid vasculature that connects the crystalline lens to the optic nerve head. Such finding is described as martini glass sign and is found in cases persistent hyperplastic primary vitreous. is not specific of optic nerve sheath meningiomas, and may occur in orbit pseudotumors, perioptic neuritis, sarcoidosis, leukemia and lymphoma (23, 24) .
"Boxcar ventricle sign" in Huntington's disease
The boxcar ventricle sign ( Figure 13 ) represents the prominent aspect of the lateral ventricles observed in the coronal plane in cases of Huntington's disease, secondary to atrophy of the basal nuclei, particularly the caudate nuclei . Localized scleroderma invariably affects the head, presenting as a linear, usually frontoparietal lesion (scleroderma "en coup de sabre") ( Figure 15 ), with progressive facial hemiatrophy or Parry-Romberg syndrome where the atrophy extends beyond the skin to involve the subcutaneous cellular tissue, muscles and bones. Abnormal MRI findings are observed in 90% of cases and include hyperintensity on T2-weighted images of the corpus callosum, subcortical regions, deep gray matter and brainstem; and most of times are ipsilateral. Focal atrophy that is the main dermatological finding may also be observed in the cerebral parenchyma (30) .
CONCLUSION
Signs in radiology bring to mind analogies with food, animals, mythological characters, and objects, among others. Such signs play an extremely relevant role in the decision making process, in the identification of differential diagnoses and in the achievement of a more accurate specific diagnosis. In spite their degree of specificity, signs may be useful in the building of a more relevant and to further narrow the differential diagnosis list.
